attribute others with the intention of pilfering, and so implement strategies to reduce this possibility in the future. Scrubjays also protect their caches by reducing the amount of information available to an observer at the time of caching, by hiding caches behind barriers, in the shade or as far from an observer as possible. All this suggests that western scrub-jays may demonstrate another supposedly unique form of human cognition: theory of mind. Parrots, such as Alex the African grey, have also demonstrated intellectual abilities which rival primates, such as understanding whether objects are the same or different, their number (including zero), their colour and shape.
Our new appreciation of the complexity of the avian brain is closely tied with a new appreciation of the complexity of the avian mind, particularly with respect to corvids and parrots. It is now the job of behavioural biologists, comparative psychologists and neuroscientists to determine how one translates into the other. For both normal and anomalous observers, MDS has previously been used to reconstruct subjective color spaces (for example [6, 7] ). The input to the scaling program is a matrix of the judged similarities of all possible pairs in a set of stimuli; and the output is a map of the stimuli that minimizes the differences between the input proximities and the corresponding proximities in the derived space. The length of the vector between any two stimuli in the output space indicates how dissimilar they appeared to the subject, while its direction may allow an interpretation of the dimensions that guided the subject's judgment.
Multidimensional
MDS studies of anomalous trichromats have, however, always had a phenotypic bias: stimuli have been selected to be discriminable for the normal observer and the anomalous space has typically been found to be contracted compared to the normal. Such results reinforce the categorization of anomalous trichromats as 'color deficient', but this represents the viewpoint of the majority phenotype. Because anomalous observers have a different set of retinal photopigments from normal, there exist pairs of natural stimuli that appear distinct to them but are indistinguishable ('metameric') for the normal [8] : such pairs produce the same triplet of photon catches in the cones of the normal eye but distinguishable triplets in the anomalous eye. We designed an MDS test that favors the minority phenotype of deuteranomaly.
Our stimuli were disks of 40 mm diameter, each painted with a mixture of two single-pigment acrylics and subtending ~4.5° at a typical viewing distance. To the normal eye, these stimuli appeared desaturated greens, varying along a yellow-blue axis. We included pairs of samples with spectral power distributions that were nearmetamers for normals but were calculated to be distinguishable by a model deuteranomalous observer (Figure 1 ). Thus we used two distinct subsets of stimuli: one, labeled X, was made from mixtures of Cadmium Yellow and Cobalt Blue, and the other, labeled Y, from mixtures of Yellow Oxide and Ultramarine Blue.
In selecting suitable stimuli, we modeled the photon catches of individual photoreceptor types when exposed to light from a given stimulus under the experimental illuminant (a broadband amber). Using a spectroradiometer at the position of the observer's eye, we measured the spectral power distribution (E(λ λ)), and multiplied it in turn by the spectral sensitivities Subjects were asked to rate the color difference between each stimulus pair on a scale of 0 to 10. Non-metric MDS was used to reconstruct a subjective space from the matrix of dissimilarity judgments for each observer. Although deuteranomalous observers are categorized as 'color deficient', we find that their color space is expanded relative to normal when suitable stimuli are used. It is possible that a postreceptoral gain amplifies the deuteranomalous L′ ′/L signal so that neurally it occupies the same dynamic range as the L/M signal of the normal [11] . A recurrent ideathough one without experimental support -has been that anomalous trichromats are able to penetrate military camouflage if the camouflage paints are metamers of natural foliage or terrain [12] . The alternative phenotype may have been maintained in the population by an ability to spot predators or food sources that are less visible to conspecifics -as has been postulated for platyrrhine primates [13] . It remains to be seen whether the L′ ′/L dimension, so visible to our deuteranomalous observers, is also accessible to female carriers of deuteranomaly. Owing to X chromosome inactivation such heterozygotes will express four types of cone in their retina (S, M, L, L′ ′) and are potentially tetrachromatic [ 
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